The bacterium Erwinia chrysanthemi is a gram-negative broad-host-range phytopathogen causing soft-rot disease. Production of plant cell wall-degrading enzymes and avirulence proteins by the phytopathogen contributes to the destruction of plant structural barriers and evasion of certain host defense responses, respectively (4, 9, 10, 21, 37) . Nutrient acquisition in E. chrysanthemi from degraded plant cell-wall pectin is facilitated by transport systems for pectin-derived oligomers and monomers (18, 20, 22, 46) . Secretion of pathogenesis-related proteins across the bacterial cytoplasmic and outer membranes requires several export systems that have been extensively studied. Pectin-degrading enzymes are secreted by a type IIdependent mechanism (encoded by the out genes), and secretion of avirulence proteins into the host is mediated by a type III-dependent process (encoded by the hrp genes) (9, 33, 35) . Finally, secretion of metalloproteases by a sec-independent type I mechanism (prt genes) in E. chrysanthemi has also been demonstrated (11, 25, 26) .
TolC is an important though low-abundance protein in the outer membrane of gram-negative bacteria (17) . The crystal structure of this protein has recently been determined (24) . The protein exists functionally as a trimer forming a ␤-barrel with a large internal diameter, facilitating movement of both large and small molecules through the outer membrane (2) . TolC functions as a component of multidrug resistance (MDR) efflux systems in the removal of a broad range of toxic chemicals from the cell (16, 41) . In Escherichia coli, type I-dependent secretion of certain virulence-associated proteins also requires TolC (48) . The role of TolC in virulence and survival strategies of the pathogenic enteric bacteria E. coli (49) , Vibrio cholerae (5) , Salmonella enterica serovar Enteritidis (40) , and Serratia marcescens (6) has been established. While the existence and role of TolC in many bacterial pathogens of mammals have been established, the occurrence and role of a TolC homologue in a plant pathogenic bacterium have not been conclusively demonstrated. Here we present the characterization of the E. chrysanthemi tolC and demonstrate its importance in resistance to antimicrobial plant chemicals as well as phytopathogenesis.
MATERIALS AND METHODS
Bacterial strains and plasmids, media, and growth conditions. The bacterial strains, plasmids, and phages used in this study are listed in Table 1 . E. chrysanthemi and E. coli cells were grown (while being shaken at 200 rpm for all liquid cultures) in Luria-Bertani (LB) medium at 30 and 37°C, respectively. Antibiotics were added where required at the following concentrations unless specified otherwise: kanamycin (Kan), 50 g/ml; ampicillin (Amp), 50 g/ml; tetracycline (Tet), 10 g/ml; streptomycin (Str), 25 g/ml; and novobiocin (NOV), 1 to 20 g/ml. Deoxycholate (DOC) was used in LB growth medium at a final concentration of 0.1 to 10%. Plant-derived chemicals such as rhein (9,10-dihydro-4,5-dihydroxy-9,10-dioxo-2-anthracenecarboxylic acid), genistein (4Ј,5,7-trihydroxyisoflavone), plumbagin (5-hydroxy-2-methyl-1,4-naphthalenedione), p-coumaric acid and t-cinnamic acid (phenolic acids), pyrithione (2-mercaptopyridine-1-oxide), esculetin (6,7-dihydroxycoumarin), and berberine (5,6-dihydro-9,10-dimethoxybenzo-1,3-benzodioxoloquinolizimium) were purchased from the SigmaAldrich Chemical Co. Using appropriate solvents, stock solutions of all the plant-derived chemicals were made at 10 mg/ml. Esculetin was dissolved in 100% methanol, berberine and pyrithione were dissolved in water, and rhein and genistein were dissolved in 50 mM NaOH, while the rest of the plant-derived chemicals were dissolved using 95% ethanol. Appropriate solvent controls were incorporated into the experiments to account for the solvent effect.
DNA methods. Plasmid or genomic DNA preparation and DNA purification from agarose gels were carried out using respective Qiagen kits (QIAGEN Inc). Restriction digestion, ligation, DNA electrophoresis, and E. coli transformations were performed following manufacturer recommendations or as described by Sambrook et al. (34) . For transformation of E. chrysanthemi, a single colony of EC16 culture was inoculated in 2 ml of LB broth and grown while being shaken overnight at 30°C. The culture was diluted 1:50 in 50 ml of LB broth and grown while being shaken at 40°C for 6 h. The culture was centrifuged and washed three times with 20 ml of ice-cold 10% glycerol. The cell pellet was resuspended in 0.2 ml of 10% glycerol and maintained on ice. The cell suspension (0.02 ml) was mixed with 0.005 ml of plasmid DNA-0.1 to 1 g DNA in water, chilled on ice for 5 min, and pulsed (using a Cell-Porator with a voltage booster [BRL Life Technologies Inc.]) at 2 kV and 4 k⍀. Cells were transferred immediately to 1 ml of LB medium and grown while being shaken at 30°C for 1 h. The culture was then centrifuged, and the pellet was resuspended in 0.1 ml of LB medium. Aliquots of resuspended cells were spread on LB agar plates carrying appropriate antibiotics.
Isolation of E. chrysanthemi tolC. An E. chrysanthemi EC16 cosmid library in pLAFR3 vector (provided by Noel T. Keen [11] ) was mated with LM1151 in the presence of a helper strain (E. coli HB101) containing a self-transmissible plasmid, pRK2013 (14) . Following triparental mating, transconjugants were screened for restoration of DOC resistance by direct selection on LB agar plates containing 5% DOC. The cosmid clone (pLAFR1051) that conferred DOC resistance was isolated, and its functional complementation ability was confirmed by repeating the triparental mating. DOC-and Tet-resistant colonies were restreaked on selective media before further analysis.
Subcloning and DNA sequencing. A 5.4-kb ClaI and PstI functionally complementing fragment of the cosmid pLAFR1051 was cloned into pBluescript, subcloned into E. coli DH5␣, and sequenced. The initial partial sequence obtained was used to design internal primers to completely sequence both strands of the E. chrysanthemi tolC gene from pLAFR1051. The sequence information was utilized to design nucleotide primers upstream of the E. chrysanthemi tolC transcription start site and downstream of the translational stop codon. Using these primers, a PCR product of about 2.0 kb (full-length tolC gene) was obtained using E. chrysanthemi EC16 genomic DNA. The PCR product was cloned into pCR2.1-TOPO cloning vector (Invitogen) and sequenced. The functional complementing ability of the PCR product was confirmed by transforming this construct into LM1151 and direct selection on LB plates containing 5% DOC. Using an ABI Prism 310 automated DNA sequencer (Perkin Elmer), all DNA sequencing was carried out at the Texas Tech University Center for Biotechnology and Genomics core facility.
Complementation analysis. Cosmid pLAFR1051 carrying E. chrysanthemi tolC was transformed into LM1151 for complementation analysis (23) . Transformants were screened on appropriate antibiotics and then tested for resistance to MDR efflux pump substrates (NOV, DOC, and carbonyl cyanide m-chlorophenylhydrazone [CCCP] ) and sensitivity to colicin E1 and bacteriophage U3. Drug sensitivity was tested using a filter disk zone inhibition assay (16) . Phage or colicin sensitivity was determined by cross-streaking or spotting the phage or colicin with bacterial cells on LB agar plates and incubating overnight. The occurrence of clearing at the intersection of cross-streaks or plaques on bacterial lawns was used as an indication of phage or colicin sensitivity.
Immunoblot analysis of TolC. E. chrysanthemi outer membranes were prepared as previously described (23, 18) . Following protein separation on SDS-10% polyacrylamide gels and transfer to polyvinylidene difluoride (PVDF) membranes, immunological analysis was performed (using E. coli anti-TolC rabbit polyclonal antiserum) on outer-membrane preparations and detected with alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin G and 5-bromo-4-chloro-3-indolyl phosphate-nitroblue tetrazolium (Sigma Co.). Coomassie blue staining was performed according to standard procedures (34) .
Marker-exchange mutagenesis. Marker-exchange mutagenesis was carried out as described previously (32) with few modifications. E. chrysanthemi EC16 carrying the tolC::nptI (Kan r ) construct in pBR322 (Amp r ) vector was grown overnight at 30°C in 2 ml of LB medium containing 25 g of Kan/ml. The culture was centrifuged and washed in basal A-P medium (containing, per liter, 12.1 g of Tris, 0.1 g of MgSO 4 • 7H 2 O, 1 g of NH 4 SO 4 , 0.5 g of sodium citrate, and 2 ml of glycerol, with the pH adjusted to 7.4) and resuspended in 1 ml of the same medium. Cells were diluted 1:1,000 into 1 ml of the basal A-P medium containing 1 mM potassium phosphate buffer (pH 7.4) and 15 g of Kan/ml and grown for 12 h at 30°C. Following this, the culture was again diluted 1:1,000 into 1 ml of the basal A-P medium containing 1 mM potassium phosphate buffer (pH 7.4) and grown for 12 h at 30°C. Appropriate dilutions (10 Ϫ6 to 10 Ϫ7 ) of the culture were then plated on LB agar (agar at 1.2% concentration) containing 15 g of Kan/ml and then screened for Kan r Amp s colonies to obtain the EC16 tolC mutant. Zone inhibition assays. Cultures of respective strains were grown overnight. Approximately 10 6 cells were mixed with 3 ml of 0.8% agar, overlaid on LB agar plates containing appropriate selection antibiotics, and allowed to solidify. Sterile paper disks (Whatman filters) 6 mm in diameter were placed on the surface of the agar. A total of 0.03 ml of NOV (20 mg/ml), SDS (10% [wt/vol]), DOC (5% [wt/vol]), or CCCP (8 mM) was pipetted onto separate disks. The plates were incubated for 36 h, and the diameters (in millimeters) of the zones of inhibition were measured.
Determination of MIC. MIC assays were performed in a final volume of 0.2 ml in 96-well microtiter plates. Appropriate hydrophobic agents were serially diluted in LB broth containing the appropriate selection antibiotics for the different strains. Appropriate controls for the solvents used to dissolve the hydrophobic chemicals were also included. Bacteria from an overnight culture were inoculated at a final concentration of 10 6 cells/ml. The microtiter plates were shaken at 200 rpm at 30°C for 36 h. The MIC was determined as the concentration of the substance which prevented growth after 36 h.
Plant pathogenicity assay. Heads of witloof chicory (Cichorium intybus L. [Belgian endive]) were purchased from a local supermarket. Cultures of appropriate strains grown overnight were centrifuged and washed twice with 5 mM MES (morpholineethanesulfonic acid), pH 6.5. Cells were resuspended in the same buffer at a density of approximately 10 8 cells/ml. Using a sterile toothpick, chicory leaves were inoculated by introducing 0.005 ml of inoculum into a small wound created on the inner surface of each leaf. Leaves were maintained in a moist chamber at 30°C for 72 h. Lesions were identified by browning and maceration around the site of infection. The area of macerated tissue was defined as the product of the length and width of the lesion. To estimate the total number of bacteria per infected leaf, the leaves were homogenized in 5 mM MES and serial dilutions were plated on appropriate antibiotic plates.
Determination of berberine accumulation. Determination of berberine accumulation was performed as described previously (39) with a few modifications. 
RESULTS AND DISCUSSION
E. chrysanthemi tolC can functionally complement an E. coli tolC mutant. TolC mutants of E. coli are hypersensitive to detergents such as SDS and a variety of hydrophobic agents such as DOC, NOV, and CCCP (31, 44) . To screen for the presence of E. chrysanthemi EC16 tolC, the EC16 genomic library (cloned into pLAFR3) was conjugated into an E. coli tolC deletion strain (LM1151) by triparental mating and transconjugants were selected on LB agar plates containing DOC. This procedure allowed us to identify cosmid pLAFR1051, which conferred DOC resistance to the E. coli tolC mutant. To determine whether this DNA fragment complemented other tolC phenotypes, we examined its ability to rescue LM1151 to NOV, CCCP, and DOC resistance. Table 2 shows that the E. chrysanthemi tolC was able to complement the E. coli tolC mutant to drug resistance. Chemicals such as NOV and DOC are known to be substrates of the AcrAB/TolC efflux pump, while CCCP is known to be a substrate of the EmrAB/TolC efflux system (7, 29) . Thus, it is likely that homologs of these efflux pumps in E. chrysanthemi can utilize TolC in conferring resistance to these substrates.
The E. chrysanthemi tolC gene product bears strong identity to its E. coli counterpart. Southern dot blot analysis using the E. coli tolC gene as a probe for the pLAFR1051 cosmid DNA and genomic DNA from E. chrysanthemi indicated that there was nucleotide sequence homology for this gene between the two microorganisms (data not shown). Using primers generated from the cosmid-derived partial tolC sequence and E. chrysanthemi genomic DNA as the template, PCR amplification yielded a 2-kb fragment carrying the complete tolC gene, which was cloned and sequenced (GenBank AF421372).
Nucleotide sequence analysis of the 2,004-base PCR fragment indicates that the tolC homologue from E. chrysanthemi encodes an open reading frame of 1,410 nucleotides. A putative promoter sequence with Ϫ10 (TATATC) and Ϫ35 (TT-GGCC) regions lies 50 nucleotides upstream of the start codon (ATG). The presumed initiator methionine is preceded by a canonical ribosome-binding site (AGGA) at six nucleotides upstream (36) . The deduced amino acid sequence bears approximately 70% identity to that of the E. coli TolC. Multiple sequence alignment (CLUSTAL W [45] ) of EC16 TolC with homologues from other bacteria (E. coli, S. marcescens, S. enterica serovar Enteritidis, and V. cholerae) revealed approximately 35% amino acid identity across all five sequences. The deduced amino acid sequence of the E. chrysanthemi tolC gene suggests that the protein possesses a signal peptide at its amino terminus. The 24-amino-acid sequence has the characteristics of a signal peptide (30) followed by a peptidase cleavage site between ala24 and glu25. This signal peptide is identical in sequence to the E. coli TolC signal peptide (17) .
E. chrysanthemi carries an outer-membrane polypeptide with an apparent mass of 51 kDa that reacts with the anti-E. coli TolC rabbit antiserum (Fig. 1 ). This molecular mass was predicted from the deduced amino acid sequence and is slightly lower than that of the 52-kDa polypeptide observed in E. coli.
Construction and characterization of the E. chrysanthemi tolC mutation. Using a Kan resistance (nptI) cassette, the tolC gene of E. chrysanthemi EC16 was insertionally inactivated by marker-exchange mutagenesis (32) . Confirmation of the chromosomal gene disruption was made by Southern blotting and PCR analysis using gene-specific probes and primers, respectively (data not shown). To characterize the phenotype of the EC16 tolC mutant (SF1603), we examined its sensitivity to a variety of agents that are substrates for E. coli MDR efflux systems: SDS, DOC, and NOV. The results are presented in Table 3 and indicate that the tolC mutation sensitizes this strain to all of these agents, suggesting that the role of TolC in resistance to antimicrobial and hydrophobic chemicals in E. chrysanthemi appears to be similar to that found in E. coli. Replacement of the tolC gene in trans on a plasmid (strain SF1603a) in SF1603 rescued the bacterium to drug resistance (Table 3) . Strain SF1603 harboring the E. coli tolC gene on a plasmid (strain SF1603b) was also resistant to these antimicro- bial chemicals. These results, together with those of the complementation studies performed using the cloned EC16 tolC in strain LM1151, suggest that the tolC genes from the two genera are interchangeable for drug resistance to certain antimicrobial chemicals. The MICs of SDS, DOC, and NOV for E. chrysanthemi EC16 (Table 4 ) are similar to those observed for E. coli (16) . The MICs of these chemicals for the EC16 tolC mutant SF1603 were dramatically reduced and were approximately 500-fold lower than those for the wild type (Table 4 ). An E. chrysanthemi tolC mutant is defective in causing disease in plant tissue. For many members of the Enterobacteriaceae, TolC has been implicated in a variety of functions (such as toxin secretion and MDR) that might play a role in pathogenicity. For S. enterica serovar Enteritidis, for example, TolC has been implicated in hemolysin secretion and virulence in BALB/c mice (40) . In E. coli, hemolysin and enterotoxin secretion have been shown to require a functional TolC (27, 49) ; a tolC mutant of V. cholerae was found to be sensitive to bile salts, defective in cytotoxin secretion, and impaired in intestinal colonization (5). Since TolC is an important component in a variety of efflux pumps for the removal of many antimicrobial chemicals and in the secretion of certain virulence-associated proteins, we investigated the phytopathogenic potential of a tolC mutant of E. chrysanthemi.
The E. chrysanthemi tolC SF1603 mutant strain was compared with its wild-type parent in plant infections to assess the contribution of the protein to phytopathogenicity. Using witloof chicory leaves in a bioassay, we observed 95% (Ϯ 6.4% standard deviation) reduction in the area of tissue macerated with the tolC mutant (Fig. 2 ). This significant (P Ͻ 0.001) reduction in phytopathogenic potential might reflect the inability of the bacterium to survive the toxic plant environment due to impairment of TolC-dependent chemical efflux pumps. Additionally, the mutation may impair secretion of virulenceassociated proteins. However, no qualitative or quantitative differences were seen in the abilities of the tolC mutant strain and the wild-type parent strain to secrete proteases by using milk-derived proteins or gelatin as the substrate (11) or to secrete pectate lyases by using semisolid pectin agar and spectrophotometric assays (38) (data not shown).
In planta survival and growth of the E. chrysanthemi tolC mutant. Because the E. chrysanthemi tolC mutant was sensitive to many antimicrobial chemicals, we hypothesized that the bacterium would be unable to tolerate the toxic plant environment. We therefore compared the abilities of the E. chrysanthemi tolC mutant strain and the wild-type parent strain to survive and multiply in plant tissue (Fig. 3) . The E. chrysanthemi wild-type strain multiplied in plant tissue, with bacterial numbers increasing approximately 10 4 -fold 78 h following inoculation. However, the total number of bacteria in the leaves inoculated with the tolC mutant was reduced by 40% 78 h following inoculation. The wild-type EC16 and the tolC mutant strains both multiplied to approximately 3.5 ϫ 10 7 cells/gram of leaf tissue 6 h following inoculation, although no visible tissue maceration could be observed at this time. It was surprising that the tolC mutant was able to multiply in the plant tissue during the first 6 h. This could have been due to a lag time in the response of the leaves to infection.
Visible maceration of the plant tissue in the leaves infected   FIG. 2 . E. chrysanthemi EC16 tolC mutant has severely reduced ability to produce lesions in witloof chicory leaves. (A) A total of 10 witloof chicory leaves were infected with either the E. chrysanthemi EC16 wild-type parent strain (closed triangles) or the E. chrysanthemi EC16 tolC mutant strain (closed circles). To estimate disease severity after incubation at 30°C for 72 h, the area of maceration was measured. Percent reduction in maceration was calculated as follows: [(area of maceration by wild-type strain Ϫ area of maceration by mutant strain)/ area of maceration by wild-type strain] ϫ 100. The mean value (Ϯ standard deviation) of the percentage of reduction in maceration per 10 inoculations was used as a measure of the reduction in tissue maceration ability of the tolC mutant strain. (B) The E. chrysanthemi tolC mutant strain (M) was unable to macerate plant tissue but recovered almost wild-type (W) capacity to cause soft rot when the tolC gene was reintroduced into the mutant in trans (complemented strain) (C). Results representative of leaves after three independent experiments are shown. The relative positions (i.e., relative left-right orientations) of the inoculated strains did not have any effect on the extent of lesions produced (data not shown). c The wild-type parent strain grew in the presence of 10,000 g of SDS/ml (highest concentration tested).
d The tolC mutant strain did not grow in the presence of 2 g of NOV/ml (lowest concentration tested).
e The tolC mutant strain did not grow in the presence of 20 g of SDS/ml (lowest concentration tested).
with wild-type EC16 strain was seen beginning just 12 h after initial inoculation. The total number of wild-type EC16 bacteria corresponding to the 20-h time interval was approximately 1.3 ϫ 10 8 cells/gram of leaf tissue. The bacteria multiplied exponentially, and the area of maceration grew correspondingly with time. In the case of the tolC mutant, after the initial increase in bacterial number the total number of bacteria decreased to the level of the inoculum after 20 h and to approximately 60% of the initial inoculum after 78 h. No visible tissue maceration was observed in the leaves inoculated with the tolC mutant at any time following inoculation. Hence, although the tolC strain survived, it was unable to grow and produce lesions in the leaf. This may have been due to the presence of some of the growth-inhibitory compounds produced by the leaves in response to infection. However, the amount of these compounds produced in the detached leaves (i.e., the ones used in this assay) apparently was not sufficient to kill all of the tolC mutant bacteria.
The E. chrysanthemi tolC mutant is sensitive to antimicrobial plant chemicals. Plants produce a variety of chemicals with antimicrobial properties (15, 42) . Many bacteria have evolved mechanisms to tolerate and rid themselves of plant-derived toxins (43) . Since the growth of the E. chrysanthemi tolC mutant was suppressed in plant tissue, we used a MIC assay and a variety of plant-derived antimicrobial chemicals to compare the sensitivities of the wild-type and mutant strains ( Table 5 ). The tolC mutant clearly showed increased sensitivity to most of the plant chemicals we tested. When compared to those for the wild-type parent strain, the MICs of rhein, genistein, berberine, and plumbagin for the tolC mutant strain were found to be at least 64-fold, 32-fold, 16-fold, and 8-fold lower, respectively. Rhein is a well-characterized antimicrobial of rhubarb and is known to be effective against bacteria and Saccharomyces cerevisiae (12, 19) . Genistein is an isoflavonoid produced by both legumes and nonleguminous plants (47, 50) . It is a common precursor in the biosynthesis of antimicrobial phytoalexins and phytoanticipins and is also antibacterial (1, 3) . Plumbagin is a naphthoquinone with known antimicrobial properties (13) . The phenolic compounds p-coumaric acid and t-cinnamic acid as well as pyrithione and esculetin were slightly more toxic to the tolC mutant than to the wild-type parent. Pyrithione was seen to inhibit growth even of wild-type cells at concentrations as low as 3.1 g/ml. Wild-type strain EC16, as well as the tolC mutant strain, was resistant to relatively high levels (Ͼ2 mg/ml) of gossypol, a known antifungal phytoalexin of Gossypium species (8) . This indicates that the tolC mutant is not nonspecifically sensitive to all chemicals. Berberine is an alkaloid with antibacterial properties. Interestingly, this compound has previously been observed to be toxic only to gram-positive bacteria. In gram-positive bacteria, the NorA pump has been implicated in resistance to this compound (39) . Our data indicate that the loss of TolC sensitizes E. chrysanthemi to this compound because it accumulates inside the cells (Fig. 4) .
Berberine has an increased fluorescence upon binding to DNA and thus represents a good model substrate for assessment of the efflux activity in the tolC mutant strain. The wildtype strain was found to be effective in keeping the intracellular concentrations of berberine low. However, the compound accumulated rapidly in the tolC mutant strain. These results suggest a role for TolC-mediated efflux of berberine in E. chrysanthemi and are compatible with those presented in Table  5 .
In this study we have shown that E. chrysanthemi harbors a functional homologue of the E. coli TolC protein. The protein was localized to the outer membrane and found to be immunologically similar to E. coli TolC. The E. chrysanthemi TolC was able to replace its E. coli counterpart in chemical efflux. We also were able to demonstrate that a tolC mutant of E. chrysanthemi could not effectively infect witloof chicory leaves. The plant environment is replete with antimicrobial enzymes and chemicals, many of which are induced following infection by microorganisms. Thus, the inducible plant cellular defensive response functions to block pathogen amplification and impair ingress into plant tissue. Plant-derived secondary chemicals such as phytoalexins and hydrophobic chemicals like phenolics are recognized for their antimicrobial properties. Survival and sustained growth of successful plant pathogens in the plant necessitates the functioning of mechanisms to detoxify and/or expel plant-derived toxins. In E. chrysanthemi EC16, the sapAsapF locus conferring resistance to antimicrobial peptides from plants has been shown to be important in survival of the bacterium in planta (28) .
However, although much is understood about the virulence capabilities of many bacterial plant pathogens, little is known about the mechanisms employed by phytopathogens to survive the onslaught of the plant chemical environment. The tolC mutant of E. chrysanthemi was severely impaired in plant tissue maceration and in causing soft rot of witloof chicory. This mutation did not impair secretion of extracellular proteases or pectinases. This suggested that because of its role in antimicrobial chemical resistance, TolC is essential for bacterial survival in planta. We found that the E. chrysanthemi tolC mutant was unable to multiply effectively in plant tissue and was therefore unable to initiate soft rot and disease. This indicates that the infected leaf tissue was able to suppress the growth of the tolC mutant strain. The E. chrysanthemi tolC mutant strain was found to be sensitive to several plant chemicals, as has been observed with an E. coli tolC mutant strain (47) . Analysis of one of the model plant chemicals, berberine, showed that the tolC mutant was defective in the extrusion of this compound. These data suggest that TolC-mediated MDR efflux may be vital to E. chrysanthemi during plant infection. We are presently examining the role of MDR efflux systems and their substrates in the phytopathogenicity of E. chrysanthemi.
